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Abstract: Background: The usefulness of myositis-specific autoantibodies (MSAs) and myositis-
associated autoantibodies (MAAs) for the assessment of idiopathic inflammatory myopathies (IIMs)
is acknowledged, but laboratory standardization remains a challenge. We detected MSAs/MAAs
by multi-analytic line immunoassay (LIA) and particle-based multi-analyte technology (PMAT) in
a multicenter cohort of patients with IIMs. Methods: We tested the sera from 411 patients affected
with definite IIM, including 142 polymyositis (PM), 147 dermatomyositis (DM), 19 cancer-associated
myositis, and 103 overlap myositis syndrome (OM), and from 269 controls. MSAs/MAAs were
determined by 16Ags LIA in all sera, and anti-HMGCR by ELISA in 157/411 IIM sera and 91/269 con-
trol sera. The analytical specificity of LIA/HMGCR ELISA was compared with that of PMAT in
89 MSA+ IIM sera. Results: MSAs/MAAs were positive in 307/411 (75%) IIM patients and
65/269 (24%) controls by LIA (Odds Ratio 9.26, 95% CI 6.43–13.13, p < 0.0001). The sensitiv-
ity/specificity of individual MSAs/MAAs were: 20%/100% (Jo-1), 3%/99.3% (PL-7), 4%/98.8% (PL-
12), 1%/100% (EJ), 0.7%/100% (OJ), 9%/98% (SRP), 5.6%/99.6% (TIF1γ), 4.6%/99.6% (MDA5),
8%/96% (Mi-2), 1.5%/98% (NXP2), 1.7%/100% (SAE1), 4%/92% (Ku), 8.5%/99% (PM/Scl-100),
8%/96% (PM/Scl-75), and 25.5%/79% (Ro52). Anti-HMGCR was found in 8/157 (5%) IIM patients
and 0/176 (0%) controls by ELISA (p = 0.007). Concordance between LIA/HMGCR ELISA and PMAT
was found in 78/89 (88%) samples. Individual MSAs detected by LIA were associated with IIM
subsets: Jo-1 with PM and OM, PL-12 with OM, Mi-2, TIF1γ, and MDA5 with DM, SRP with PM, and
PM/Scl-75/100 with OM (p < 0.001 for all). Conclusions: Since MSAs are mostly mutually exclusive,
multi-specific antibody profiling seems effective for a targeted clinical-serologic approach to the
diagnosis of IIMs.

Keywords: myositis-specific antibodies; myositis; laboratory tests; line blot; multi-analytic technology

1. Introduction

Idiopathic inflammatory myopathies (IIMs) are systemic autoimmune diseases char-
acterized, as for other connective tissue diseases, by peculiar serum autoantibodies [1–3].
The clinical picture of IIM primarily involves muscles, skin, lungs, and joints. According to
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current classification criteria [4–6], major IIM forms can be defined: dermatomyositis (DM),
polymyositis (PM), inclusion body myositis (IBM), overlap syndrome with myositis (OM),
and cancer-associated myositis (CAM). Anti-synthetase syndrome (ASyS) is a composite
syndrome not definitely classified in any of those subsets, but patients with ASyS are
usually classified into PM or OM. Autoantibodies towards intracellular proteins have been
reported in 60–80% of patients with IIMs, depending on patient selection and laboratory
detection methods.

Despite significant progress in biomarker research, novel diagnostic and prognostic
biomarkers for myositis remain a relevant unmet need.

Over the last 15 years, increasing interest has been devoted to extensive autoantibody
profiling in the diagnostic workup of IIMs [7,8].

Looking at diagnostic specificity, myositis-specific antibodies (MSAs) include mutually
exclusive autoantibodies specific for the diagnosis of IIMs, whilst myositis-associated
antibodies (MAAs), frequently present in association with MSAs, are not disease-specific.

Current classification criteria for IIMs [4,5] only include anti-Jo-1 antibody as an
established biomarker for PM/DM, since laboratory diagnostics for the other MSAs are not
widely applied, validated, and standardized [9–11]. Yet, a longstanding debate remains
about the inclusion of the other MSAs/MAAs in the diagnostic workup of patients with
IIMs [12].

Myositis autoantibodies target intracellular constituents, preferentially expressed in
the cytoplasm rather than in the nucleus of the cell. Immune targets encompass highly
conserved enzymes involved in key processes of cell biology, such as protein synthe-
sis/transport, epigenetic regulation of gene transcription, innate immunity, muscle cell
metabolism, and differentiation. They are constitutive intracellular ribonucleoproteins, but
some of them are expressed in specialized tissues only, i.e., muscle-specific, as is the case of
3-hydroxy-3-methylglutaryl-Coenzyme A reductase (HMGCR), cytosolic 5′-Nucleotidase
1A (cN-1A), and Four-and-a-half-LIM-domain 1 (FHL1), or in response to peculiar stimuli,
as for IFN-induced Melanoma Differentiation-Associated Antigen 5 (MDA5) (Table 1).

Each MSA is reliable to identify unique syndromes in the context of clinically defined
PM, adult or juvenile DM, ASyS, and necrotizing or severe myopathy or sporadic IBM,
representing a powerful tool to improve diagnosis, classification, and targeted treatment
options [13–15]. Interestingly, intracytoplasmic enzymes involved in protein synthesis
and transportation are the main targets of autoantibodies in PM, while autoantibodies
associated with clinically different DM phenotypes target the nuclear transcription factors
involved in epigenetic regulation of cellular homeostasis (Table 1).

Major MAAs, including anti-Ro52, anti-PM/Scl-75/100, anti-Ku, and anti-U1RNP, are
reported in 20–50% of patients with IIMs and are thus helpful for diagnosis. They are mainly
associated with overlap syndrome, a condition characterized by peculiar serologic and
histologic features [16,17]. The most frequent MAA is anti-Ro52/TRIM21, found in about
30% of patients and mainly coexistent with anti-tRNA synthetase (ARS) or anti-MDA5 [17].
Anti-PM/Scl, anti-Ku, and anti-U1RNP are each found in about 4–15% of overlap syndrome
patients [14,18]. Anti-PM-Scl or anti-Ku are most commonly associated with PM/DM and
systemic sclerosis overlap syndrome, also called sclero-myositis, frequently complicated by
interstitial lung disease [17]. Anti-U1RNP is frequent in PM/DM/SLE overlap syndrome
and pathognomonic of mixed connective tissue disease. Recently, overlap myositis (OM)
has been defined as a stand-alone entity, with peculiar phenotypes, serology, and muscle
histopathology [18].

Actually, when IIMs are suspected, both MSAs and MAAs play a pivotal role in the
assessment of diagnosis and prognosis [7], and therefore the treatment of the disease [18–20].

Due to wide antigen heterogeneity and poor expression in crude cell extracts, indirect
immunofluorescence on HEp-2 cells or other routine tests are poorly sensitive and so
inaccurate for myositis antibody detection. However, cytoplasmic staining should be
looked for and reported in such patients.
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Table 1. Myositis-specific antibodies and myositis-associated antibodies: target autoantigens and
associated IIM phenotypes.

Myositis-Specific Antibodies

Autoantibody Target Autoantigen Autoantigen
Function

Associated
Phenotype

Anti-ARS
Aminoacyl-tRNA

synthetases: Jo-1, PL7,
PL12, EJ, OJ, and others

Protein synthesis PM/DM, ASyS

Anti-Mi-2 Nuclear DNA helicase Transcription
regulation Benign DM

Anti-TIF1γ Transcriptional
Intermediary Factor 1-γ

Transcription and
RNA metabolism Severe DM, CAM

Anti-NXP2 Nuclear matrix Protein 2
Transcription

repression p53
activation

JDM, adult DM, CAM

Anti-MDA5

Melanoma
Differentiation-

Associated protein 5
(IFN-induced)

Innate immune
response to viral

infection

Severe DM-ILD,
CADM, JDM

Anti-SAE SUMO 1 Activating
Enzyme 1

Transcription
regulation

Post-translational
modification

DM, CADM

Anti-SRP
Signal Recognition

Particle: cytoplasmic
translocation factor

Protein transport IMNM

Anti-HMGCR

3-Hydroxy-3-
Methylglutaryl-CoA

Reductase
(muscle-specific)

Cholesterol synthesis IMNM
(statin-induced)

Anti-cN-1A Cytosolic 5′-Nucleotidase
1A (muscle-specific)

Muscle metabolism,
RNA processing sIBM

Anti-FHL1 Four-and-a-Half LIM
protein 1 (muscle-specific)

Muscle-
differentiation,

sarcomere assembly

Severe myopathy
with dysphagia

Myositis-Associated Antibodies

Autoantibody Target Autoantigen Autoantigen
Function

Associated
Phenotype

Anti-Ro52 TRIM21 (IFN-induced) Ubiquitination (IFNα

regulation) ASyS, PM, DM

Anti-PM/Scl
Ribonuclease

(PM/Scl-100, PM/Scl-75
subunits)

Exosome complex SSc-myositis overlap

Anti-Ku DNA-binding protein dsDNA break repair SSc-myositis overlap

Anti-U1RNP U1 ribonucleoprotein Pre-mRNA splicing PM/DM/SLE
overlap, MCTD

Footnotes: ARS: anti-RNA synthetase; PM: polymyositis; DM: dermatomyositis, ASyS: Antisynthetase syndrome;
ILD: interstitial lung disease; CADM: clinically amyopathic dermatomyositis; JDM: juvenile dermatomyositis,
CAM: cancer-associated myositis; SUMO: Small-ubiquitin-like modifier; IMNM: immune-mediated necrotizing
myopathy; sIBM: sporadic inclusion body myositis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus;
MCTD: mixed connective tissue disease.

The “reference” method to detect MSAs and identify new antibody reactivity is im-
munoprecipitation (IP) of radiolabeled proteins. Besides the discouraged/abandoned
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use of radioisotopes for protein labeling, several MSAs often show positive polypeptide
bands of 140–150 kDa by IP, including anti-NXP2, anti-Mi-2, anti-MDA5, anti-TIF1γ, and
anti-OJ antibodies, as it is difficult to distinguish these antibodies by molecular weight
only [9]. IP is informative for research purposes, yet not for routine laboratory settings,
being time-consuming, technically complex, and not applicable on large scales. Recently,
complex (anti-OJ) or novel ARS have been investigated with new accurate methods, such
as mass spectrometry coupled with IP or IP–Western blotting [21–24].

Over the years, commercial multi-parametric immunoassays have been developed
for routine diagnostic work-up [25–28]. Line immunoassay (LIA) or dot-immunoassay,
antigen-specific enzyme-linked immunosorbent assay (ELISA), multiplex quantitative
immunoassays, i.e., ALBIA/Luminex technology, and fully automated particle-based
multi-analyte technology (PMAT) represent reliable alternatives to cumbersome IP [29,30]
(Table 2).

Table 2. Analytical characteristics of current commercial multi-analytic immunoassays for the
detection of myositis autoantibodies.

Procedure Company Target Autoantigens Antigen
Source

Serum
Dilution

Cut-Off
(Arbitrary
Units/mL)

Results
Interpretation

Laboratory
Application
(IVD/RUO)

Line
immunoassay

EUROLINE®
Euroimmun

(Lübeck,
Germany)

Mi-2α, Mi-2β, TIF1γ,
MDA5, NXP2, SAE1,

Ku, PM-Scl100,
PM-Scl75, Jo-1, SRP,
PL-7, PL-12, EJ, OJ,

Ro-52

Recombinant,
human;
Affinity

purified (Jo-1,
MDA5)

1:101 11 AU
Digital,
semi-

quantitative
IVD

Dot-
immunoassay

D-tek®/
Alphadia

(Mons,
Belgium)

Jo-1, PL-7, PL-12, EJ,
SRP-54, Mi-2,

MDA-5, TIF1-γ, Ku,
PM-Scl 100, Scl-70,

SSA/Ro, SAE-1,
SAE-2, NXP-2, OJ,

KS, ZO

Recombinant,
human 1:150 10 AU

Digital,
semi-

quantitative
IVD

PMAT

Autoimmune
Myopathy

IgG™
(Inova

Diagnostics,
San Diego, CA,

USA)

Jo-1, PL-7, PL-12, EJ,
OJ, Mi-2ß, TIF1γ,

SAE, MDA5, NXP2,
HMGCR, SRP54

Human
recombinant 1:200 1 AU Digital,

quantitative RUO

Line
immunoassay

ImmcoStripe™
Myositis LIA,

Trinity Biotech
(Buffalo, NY,

USA)

PM-Scl100, PM-Scl75,
Ro-52, Jo-1, Mi-2, Ku,

PL7, PL12, SRP54,
U1RNP68, U1RNP A,

U1RNP C, EJ, OJ

Not specified 1:100
Neg,

Borderline,
Pos

Visual,
qualitative IVD

Line
immunoassay

Myositis Plus,
Orgentec
(Mainz,

Germany)

AMA-M2, Jo-1,
PM-ScI-100, PL-7,
PL-12, Mi-2, Ku

(p70/80), SRP, Rib-P

Affinity
purified 1:100 Neg, Weak

pos, Pos

Visual,
semi-

quantitative
IVD

Footnotes: IVD: In Vitro Diagnostic Use; RUO: Research Use Only; PMAT: particle-based multi-analyte technology;
Pos: positive.

The harmonization and validation of methods on large multicenter cohorts has been
recommended for diagnostic work-up [9,29,30].

The aim of our study was to investigate the MSA/MAA profile in a large multicenter
cohort of patients with definite IIM by means of LIA, and assess MSA clinical correlates in
the context of high pre-test probability of disease. In addition, the study aims to estimate
the concordance (focus on analytical specificity) between LIA and PMAT for the detection
of MSAs.
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2. Materials and Methods
2.1. Patient Cohort

We carried out a retrospective cross-sectional study on consecutive Caucasian patients
who received a diagnosis of definite IIM from January 2010 to September 2022 at the
Rheumatology Unit, University-Hospital of Padova, Italy, and the Rheumatology Unit,
Department of Medicine, Solna, Karolinska Institute, Stockholm, Sweden. We collected the
sera from 411 adult patients affected with definite IIM according to the 2017 EULAR/ACR
criteria [4–6], including 142 PM, 147 DM, 19 CAM, and 103 OM. Sixty-six out of one hundred
and three OM (64%) had ASyS [31,32]. The sera from 57 sex–age-matched healthy subjects
and 212 consecutive Caucasian patients with other diseases (11 non-autoimmune myopathy,
27 muscular dystrophy, 9 undifferentiated connective tissue disease, 90 systemic lupus
erythematosus, 40 systemic sclerosis, 24 Sjögren’s syndrome, and 11 non-inflammatory
myopathy or arthropathy) were tested as controls. Serum samples were stored at −80 ◦C
until testing.

The study was approved by the Local Ethics Committee (Comitato Etico per la Speri-
mentazione dell’Azienda Ospedaliera di Padova, Prot. No. 2542P), and informed consent
was obtained from all the subjects according to the Declaration of Helsinki.

2.2. Autoantibody Testing

MSAs and MAAs were determined by commercial line immunoassay (LIA, Euro-
line®Myositis profile 3, 16 Ags, Euroimmun, Lübeck, Germany; Mi-2α, Mi-2β, TIF1γ,
MDA5, NXP2, SAE1, Ku, PM-Scl100, PM-Scl75, Jo-1, SRP, PL-7, PL-12, EJ, OJ, Ro52). In brief,
purified antigens were coated as narrow lines on nitrocellulose chips, and immobilized on
strips. After blocking of nonspecific binding sites with 5% nonfat milk in Tris-buffer/0.05%
Tween 20 (TBS-Tween) for 30 min at room temperature (RT), each strip was incubated with
1:101 diluted serum samples in 5% milk/TBS-Tween for 30 min at RT. After three washes,
the strips were incubated with 1:1000 diluted horseradish peroxidase-conjugated rabbit
anti-human IgG (30 min at RT). After washing, bound enzyme was detected by reaction
with 0.015% 4-chloro-1-naphthol 0.015% hydrogen peroxide in 16.7% methanol in TBS for
10 min at RT. Finally, the strips were washed in water and air-dried between sheets of
filter paper, and the reactions were digitally scanned and semi-quantitatively measured by
EuroLineScan®.

Anti-HMGCR antibodies were detected by commercial ELISA using human recombi-
nant full-length HMGCR protein (QUANTA Lite HMGCR assay, Inova Diagnostics, San
Diego, CA, USA) in 157/411 IIM sera and in 176/269 controls, according to the manufac-
turer’s instructions.

For comparison with a new PMAT, 89/411 IIM sera with at least one positive MSA
(PL-7 = 4, PL-12 = 10, EJ = 1, HMGCR = 6, SAE1 = 4, Mi-2α/β = 13, TIF1γ = 18, MDA5 = 10,
NXP2 = 4, and SRP = 19) were tested using the Aptiva™ instrument (Inova Diagnostics, San
Diego, CA, USA) and the Aptiva Autoimmune Myopathy IgG™ reagents (Inova Diagnos-
tics, San Diego, CA, USA, Research Use Only: PL-7, PL-12, EJ, Mi-2ß, TIF1γ, SAE, MDA5,
NXP2, HMGCR, SRP54, PM-Scl-100), according to the manufacturer’s instructions [27,28].
Briefly, covalently bound antigens were coupled to paramagnetic particles that carry unique
signatures and incubated with 1:100 diluted serum samples. After 9.5 min incubation at
37 ◦C, particles were washed and incubated for 9.5 min at 37 ◦C with anti-human IgG
conjugated to phycoerythrin to label the bound autoantibodies. After the final wash cycle,
the median fluorescence intensity (MFI) on the particles was captured using a digital imager
and analyzed using proprietary algorithms to extract meaningful information for each
analyte. Cut-off values of the different tests used, expressed as Arbitrary Units (AU)/mL,
were those recommended by the manufacturers (11 AU LIA, 20 units HMGCR ELISA,
100 AU PMAT).
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2.3. Statistical Methods

Data were statistically analyzed by SPSS 28.0 and GraphPad Prism 8.4. Differences in
frequencies of dichotomous variables were analyzed by chi-square test or Fisher’s exact
test. Pearson’s test was used to evaluate the correlation between MSA levels detected by
LIA and PMAT assays. p values below 0.05 were considered statistically significant.

3. Results

The main demographic and clinical features of patients with IIMs have been reported
in Table 3.

The main demographic and clinical features of control patients (n = 212) have been
reported in Supplementary Table S1.

The prevalence of ANA > 1:80 and anti-ENA antibodies in IIM patients were, re-
spectively, ANA 108/411 (26%), anti-ENA 110/411 (26.8%), comprising anti-Ro/SSA
106/411 (26%), anti-U1RNP 4/411 (1%), and anti-La/SSB 3/411 (0.7%).

By LIA, MSAs/MAAs were positive in 307/411 (75%) IIM patients and in 65/269 (24%)
controls (p < 0.0001, Odds Ratio (OR) 9.26, 95% CI 6.43–13.13, LR+ 3.091, PPV 0.82, NPV 0.66).
MSA/MAA positivity was found in 14/57 (24.6%) healthy subjects and in 51/212 (24.0%)
diseased controls. Anti-HMGCR was found in 8/157 (5%) IIM patients and 0/176 (0%)
controls by ELISA (p = 0.007, OR 9.4, PPV 1.00, NPV 0.54). The prevalence of individual MSAs
in IIM patients ranged from 0.7% for OJ to 20% for Jo-1 (for details see Figure 1).

MAAs were positive in 145/411 (35.3%) IIM patients and 77/269 (28.6%) controls
(p = n.s.), of which anti-Ro52 was positive in 105/411 (25.5%) IIM patients and 56/269 (21%)
controls (p = n.s.).

Representative images of positive results with anti-NXP2, anti-SRP, and anti-PL-7
serum samples by LIA are visualized in Supplementary Figure S1.

The specificity of individual MSAs/MAAs was: ≥99% (Jo-1, TIF1γ, PL-7, MDA5,
PM/Scl-100, HMGCR, PL-12, Mi-2β, SAE), 98% (SRP, NXP2), 96% (Mi-2α, PM/Scl-75), 92%
(Ku), and 79% (Ro52). No controls were positive for anti-EJ, anti-OJ, or anti-SAE (Table 4).

Table 3. Main demographic and clinical features of patients affected with definite idiopathic inflam-
matory myopathies (IIMs) (n = 411).

Features Polymyositis
(n = 142)

Dermatomyositis
(n = 147)

Cancer-
Associated
Myositis
(n = 19)

Overlap Myositis
(n = 103)

Sex Ratio (F/M) 2.4 (102/42) 2.2 (101/46) 1.4 (11/8) 11.9 (95/8)

Age at diagnosis,
years (mean ± SD) 52 ± 16 51 ± 18 64 ± 10 48 ± 16

Proximal muscle
weakness 139 (98%) 125 (85%) 19 (100%) 89 (86%)

CK Increase 135 (95%) 126 (86%) 71 (69%) 17 (89%)

Skin disease 13 (9%) 124 (84%) 12(63%) 22 (21%)

Dyspnea 48 (34%) 19 (13%) 7 (37%) 73 (71%)

Interstitial lung
disease 60 (42%) 35 (24%) 5 (28%) 73 (71%)

Arthralgia/Arthritis 86 (61%) 54 (37%) 9 (45%) 89 (86%)

Raynaud’s Phen. 48 (34%) 27 (18%) 2 (10%) 46 (45%)

Dysphagia 26 (19%) 34 (23%) 7 (37%) 15 (14%)

Fever 58 (41%) 42 (28%) 39 (38%) 5 (26%)
Footnotes: CK: creatin phosphokinase; SD: standard deviation.
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Figure 1. Frequency of myositis-specific antibodies (MSAs) and myositis-associated antibodies
(MAAs) (number, percentual values) in 411 patients affected with definite idiopathic inflamma-
tory myopathies (IIMs), detected by line immunoassay (LIA). Anti-HMGCR was determined in
157/411 IIMs by enzyme-linked immunosorbent assay (ELISA).

Table 4. Diagnostic accuracy of myositis-specific antibodies (MSAs) detected by line immunoassay
(LIA) in patients with idiopathic inflammatory myopathies (IIMs) and controls.

IIM
MSA

Sensitivity
n pos, % pos (95% CI)

Specificity
n pos, % pos, (95% CI)

Odds Ratio
(95% CI)

Jo-1 82/411
20 (16.4–24.1)

1/269
99.6 (97.9–99.9)

66.5
(12.5–673.8)

PL-7 12/411
2.9 (1.6–5.0)

2/269
99.3 (97.3–99.9)

4.0
(1.0–18.1)

PL-12 16/411
3.9 (2.4–6.2)

3/269
98.8 (96.7–99.7)

3.6
(1.1–11.7)

EJ 4/411
0.9 (0.4–2.4)

0/269
100.0 (97.9–100.0)

2.6
(0.4–32.3)

OJ 3/411
0.7 (0.2–2.1)

0/269
100.0 (97.9–100.0)

1.9
(0.3–25.7)

Mi-2 33/411
8.0 (5.8–11.1)

11/269
95.9 (92.8–97.7)

2.0
(1.0–4.1)

TIF1γ 23/411
5.6 (3.7–8.2)

1/269
99.6 (97.9–99.9)

15.9
(2.6–165.4)

MDA5 19/411
4.6 (2.9–7.1)

1/269
99.6 (97.9–99.9)

13.0
(2.3–136.3)

NXP2 6/411
1.5 (0.7–3.1)

5/269
98.1 (95.7–99.2)

0.8
(0.2–2.7)
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Table 4. Cont.

IIM
MSA

Sensitivity
n pos, % pos (95% CI)

Specificity
n pos, % pos, (95% CI)

Odds Ratio
(95% CI)

SAE 7/411
1.7 (0.8–3.4)

0/269
100.0 (97.9–100.0)

4.7
(0.6–52.7)

SRP 38/411
9.2 (6.8–12.4)

5/269
98.1 (95.7–99.2)

5.4
(2.1–12.8)

HMGCR * 8/157
5.1 (2.6–9.7)

0/176
100 (96.8–100.0)

9.4
(1.4–104.9)

Footnotes: * Anti-HMGCR antibody was detected by ELISA in 157 IIMs and 176 controls. MSAs = myositis-specific
antibodies; LIA = line immunoassay; IIMs = idiopathic inflammatory myopathies.

By LIA, multiple MSA positivity was found in 33/411 (8%) IIMs and in 17/269 (6%)
controls (p = n.s.).

The comparison between LIA/HMGCR ELISA and PMAT in 89 MSA-positive IIM
patients (PL-7 = 4, PL-12 = 10, EJ = 1, HMGCR = 6, SAE1 = 4, Mi-2α/β = 13, TIF1γ = 18,
MDA5 = 10, NXP2 = 4, and SRP = 19) showed concordance in 78/89 (88%) MSA-positive
IIM sera (Figure 2).
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Figure 2. Individual myositis-specific antibody (MSA) positivity detected in 89 IIM sera by particle-
based multi-analyte technology (PMAT): concordance/discordance with line immunoassay (LIA)
and HMGCR ELISA results are depicted. Filled dots are concordant results between the methods,
and open dots are discordant results between the methods.

The best concordance was obtained for SAE (4/4, 100%), NXP2 (4/4, 100%), SRP
(19/19, 100%), EJ (1/1, 100%), PL-12 (10/10, 100%), followed by HMGCR (5/6, 83%),
TIF1γ (15/18, 83%), Mi-2 (10/13, 77%), PL-7 (3/4, 75%), and MDA5 (7/10, 70%) (Figure 2).
The discordant results between LIA and PMAT were the following: one ASyS (PL-7+
by LIA, negative by PMAT); one DM (Mi-2β+ by LIA, negative by PMAT); one PM
(Mi-2α+ by LIA, negative by PMAT); one DM (Mi-2α/β+ by LIA, negative by PMAT);
one DM (Mi-2α/β+ by LIA, negative by PMAT); one DM (negative by LIA, TIF1γ+ by
PMAT, 592 AU); one DM (Mi-2α/β+ by LIA, TIF1γ+ by PMAT, 1804 AU); one OM (MDA5+
by LIA, negative by PMAT); one ASyS (negative by LIA, MDA5+ by PMAT, 4039 AU); one
ASyS (EJ+ by LIA, MDA5+ by PMAT, 3388 AU); and one PM (PL-7+ by LIA, HMGCR+ by
PMAT, 5900 AU). The PMAT assay we used did not include Jo-1, OJ, and Ku target antigens.

LIA semi-quantitative levels of positivity (AU/mL) and PMAT semi-quantitative
values (AU/mL) in concordant positive samples (n = 78) were largely correlated (r = 0.56,
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95% CI 0.39 to 0.70, R2 0.32, p < 0.0001). As visualized in Supplementary Figure S2, a sort of
bimodal distribution of LIA antibody levels was observed.

Multiple positivity was found in 8/89 (9.0%) samples by LIA and 3/89 (3.4%) by
PMAT (p = n.s.) (Table 5).

Table 5. A 1:1 comparison of multiple positive results between the line immunoassay (LIA) and the
particle-based multi-analyte technology (PMAT) in IIM patients’ sera (n = 11).

Sample ID IIM Patients’ Diagnosis LIA Multiple Positivity PMAT Multiple Positivity

43 Dermatomyositis MDA5, PL-12, Ku MDA5

50 Dermatomyositis TIF1γ, PM/Scl-75 TIF1γ

55 Dermatomyositis MDA5, Mi-2β MDA5

64 Dermatomyositis Mi-2α Mi-2β, HMGCR

71 Dermatomyositis TIF1γ, Jo-1 TIF1γ

89 Dermatomyositis PL-7, PM/Scl-75 PL-7

73 Antisynthetase syndrome OJ, NXP2, Ku Neg

70 Polymyositis Ku, PM/Scl-75 Neg

29 Dermatomyositis Mi-2α/β Mi-2β, TIF1γ, MDA5

86 Antisynthetase syndrome EJ MDA5, PL-12

56 Dermatomyositis SAE, PL-12 SAE

Individual MSAs, detected by LIA, were confirmed to be significantly associated with
distinct IIM subgroups: Jo-1 with PM and OM (p < 0.001), PL-12 with OM (p < 0.001), Mi-2
with DM (p < 0.001), SRP with PM (p < 0.001), TIF-1γ with CAM and DM (p < 0.001), MDA5
with DM (p < 0.001), and PM/Scl with OM (p < 0.001) (Figure 3). As expected, anti-Ro52
and anti-Ku were not associated with distinct IIM subsets (p = n.s.).
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4. Discussion

To date, the present study estimated the accuracy of multi-analytic LIA for the de-
tection of MSAs/MAAs in the largest cohort of patients with definite IIM. High pre-test
probability of disease was the condition specifically assessed in the study, as recommended
by Bonroy C. et al. [30].

As MSAs are defined as “mutually exclusive”, their simultaneous detection in serum
samples by multi-analytic testing is recommended for diagnostic purposes [33].

The difficulties of approaching MSA diagnostics by IP have prompted more feasible
and automatized multi-specific assays. Concordance between IP and solid-phase im-
munoassays can be influenced by several factors: analytical accuracy, antigen purification
and folding, proper equipment and procedures, and standardization limits. In solid-phase
immunoassays, human recombinant full-length proteins as targets are expressed in dif-
ferent systems (Escherichia coli, Baculovirus-infected insect Sf9 cells or human HEK293
cells), immobilized on nitrocellulose chips, and specific antibody detection revealed by
enzyme-linked chromogenic, chemiluminescent, or fluorescent detection systems. In con-
trast, IP typically investigates native ribonucleoprotein moieties in immuno-precipitates
after liquid-phase incubation of serum with cell lysates, thus preserving conformational
epitopes and antibody recognition. Nevertheless, IP’s complex and time-consuming nature
largely limits its application in routine diagnostics.

LIA is the most widely used IVD (In Vitro Diagnostic Use) multi-analytic immunoassay
for MSA detection, both in clinical and research settings (Table 2) [34].

Since the first validation of LIA for MSA [25], multi-specific testing has been imple-
mented by virtue of novel targets and accuracy adjustment [26–29,34,35].

In the present study, extensive MSA/MAA profiling by third-generation LIA con-
firmed the diagnosis in 75% of patients with definite IIM, a frequency higher than 62%,
found in 267 IIM patients by using second-generation LIA [25]. These promising results
are mainly due to the high pre-test probability of IIM and the inclusion of anti-Ro52 and
anti-HMGCR as clinically useful biomarkers. Ro52 protein is an E3 ubiquitin ligase in-
volved in type I interferon responses, highly expressed in lymphoid tissues and lungs.
Although not disease-specific, anti-Ro52/TRIM21 antibody is a highly frequent and es-
tablished prognostic biomarker, being an independent risk factor for disease severity and
relapse in connective tissue diseases, and of lung involvement in patients with IIMs [36–39].
In addition, the inclusion of anti-HMGCR has demonstrated high diagnostic accuracy
due to mutually exclusive presence in 5% of IIM patients and 0% of healthy and disease
controls. Anti-HMGCR and anti-SRP are independent biomarkers of immune-mediated
necrotizing myopathy (IMNM), each accounting for 2/3 of IMNM patients, and involved
in disease pathogenesis [40]. Novel automated assays for anti-HMGCR, including ELISA,
chemiluminescence, and ALBIA, all demonstrated high diagnostic specificity and good
agreement with IP [41–44].

Multi-parametric solid-phase assays could also have limitations, the main drawbacks
being false positive results, e.g., anti-TIF1γ or anti-NXP2, multiple positivity, and cross-
reactivity [45–47]. Regarding “multiple positivity”, according to our findings, it mainly
occurs by LIA, and PMAT assay offers the great advantage of quantitatively measuring
antibody level and identifying the highest antibody reactivity in samples with multiple
positivities, as seen in Supplementary Figure S2.

Similar to other diagnostic areas, multi-parametric solid-phase assays could suffer
from low reliability in low pre-test likelihood of IIM [48]. LIA and PMAT are both multi-
analytic immunoassays that could give “false positives”, even in standard conditions, due
to autoantibody polyclonality. Antibody titer quantification could be promising for this
concern [49].

The high concordance between LIA and HMGCR/ELISA with PMAT, together with
the valuable semi-quantitative estimation of antibody levels by PMAT (Figures 2 and S2),
represents a promising perspective for PMAT in the diagnostic work-up of IIMs, as recently
suggested by Choi MY et al. [11].
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The limitations of the study are that the LIA we used did not include HMGCR, and
the “previous generation” PMAT panel we applied at the time of the study did not include
both Jo-1 and OJ. Furthermore, the concordance between LIA and PMAT was investigated
only in MSA-positive samples, in order to assess reciprocal analytical specificity and not
clinical accuracy.

5. Conclusions

Multi-analytic detection of MSAs/MAAs is feasible in diagnostics, and crucial for
supporting the diagnosis of IIMs in the context of high pre-test likelihood of IIM. Due to the
mutual exclusivity of MSAs, extended antibody profiling is strictly effective for targeted
clinical-serologic approaches to IIM clinical settings.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/diagnostics13193080/s1, Table S1: Demographics and clinical features
of the control patients (n = 212); Figure S1: Representative image with positive results by line
immunoassay: (a) anti-NXP2 serum; (b) anti-SRP serum; (c) anti-PL-7 serum; Figure S2: Correlation
between line immunoassay (LIA) semi-quantitative positivity (AU/mL) and particle-based multi-
analyte technology (PMAT) semi-quantitative positivity (AU/mL) in 78 concordant positive IIM sera.

Author Contributions: Conceptualization, A.G.; Methodology, A.G., C.F. and N.G.; Formal analysis,
A.G.; Investigation, M.Z.; Data curation, A.G., M.G., E.Z., R.P., L.I. (Luana Ienna), N.G., M.Z. and
M.M.; Writing—original draft, A.G.; Writing—review & editing, M.G., I.E.L., M.M., A.D. and L.I.
(Luca Iaccarino); Supervision, A.D. and L.I. (Luca Iaccarino); Funding acquisition, A.D. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry for Education, University and Research
(Ministero dell’Istruzione, dell’Università e della Ricerca—MIUR) under the program ‘Dipartimenti
di Eccellenza 2018–2022: Progetto DIMAR 2018–2022′.

Institutional Review Board Statement: The study was approved by Azienda Ospedaliera di Padova
(protocol code 2542P and date of approval 16 June 2012).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: Michael Mahler is an employee of Werfen.

References
1. Yildiz, H.; Lepere, C.; Zorzi, G.; Gheysens, O.; Roodhans, F.; Pothen, L. [18F]FDG-PET/CT in Idiopathic Inflammatory Myopathies:

Retrospective Data from a Belgian Cohort. Diagnostics 2023, 13, 2316. [CrossRef]
2. Bassi, N.; Ghirardello, A.; Iaccarino, L.; Zampieri, S.; Rampudda, M.; Atzeni, F.; Sarzi-Puttini, P.; Shoenfeld, Y.; Doria, A.

OxLDL/β2GPI–anti-oxLDL/β2GPI complex and atherosclerosis in SLE patients. Autoimmun. Rev. 2007, 7, 52–58. [CrossRef]
[PubMed]

3. McHugh, N.J.; Tansley, S.L. Autoantibodies in myositis. Nat. Rev. Rheumatol. 2018, 14, 290–302. [CrossRef] [PubMed]
4. Lundberg, I.E.; Tjärnlund, A.; Bottai, M.; Werth, V.P.; Pilkington, C.; de Visser, M.; Alfredsson, L.; Amato, A.A.; Barohn, R.J.;

Liang, M.H.; et al. 2017 European League Against Rheumatism/American College of Rheumatology Classification Criteria for
Adult and Juvenile Idiopathic Inflammatory Myopathies and Their Major Subgroups. Arthritis Rheumatol. 2017, 69, 2271–2282.
[CrossRef] [PubMed]

5. Lundberg, I.E.; Tjärnlund, A.; Bottai, M.; Werth, V.P.; Pilkington, C.; de Visser, M.; Alfredsson, L.; Amato, A.A.; Barohn, R.J.; Liang,
M.H.; et al. 2017 European League Against Rheumatism/American College of Rheumatology classification criteria for adult
and juvenile idiopathic inflammatory myopathies and their major subgroups. Ann. Rheum. Dis. 2017, 76, 1955–1964. [CrossRef]
[PubMed]

6. Selva-O’callaghan, A.; Martinez-Gómez, X.; Trallero-Araguás, E.; Pinal-Fernández, I. The diagnostic work-up of cancer-associated
myositis. Curr. Opin. Rheumatol. 2018, 30, 630–636. [CrossRef] [PubMed]

7. Halilu, F.; Christopher-Stine, L. Myositis-specific antibodies: Overview and clinical utilization. Rheumatol. Immunol. Res. 2022, 3,
1–10. [CrossRef] [PubMed]

8. Galindo-Feria, A.S.; Wang, G.; Lundberg, I.E. Autoantibodies: Pathogenic or epiphenomenon. Best Pract. Res. Clin. Rheumatol.
2022, 36, 101767. [CrossRef] [PubMed]

9. Mahler, M.; Fritzler, M.J. Detection of myositis-specific antibodies: Additional notes. Ann. Rheum. Dis. 2018, 78, e45. [CrossRef]

https://www.mdpi.com/article/10.3390/diagnostics13193080/s1
https://www.mdpi.com/article/10.3390/diagnostics13193080/s1
https://doi.org/10.3390/diagnostics13142316
https://doi.org/10.1016/j.autrev.2007.06.003
https://www.ncbi.nlm.nih.gov/pubmed/17967726
https://doi.org/10.1038/nrrheum.2018.56
https://www.ncbi.nlm.nih.gov/pubmed/29674612
https://doi.org/10.1002/art.40320
https://www.ncbi.nlm.nih.gov/pubmed/29106061
https://doi.org/10.1136/annrheumdis-2017-211468
https://www.ncbi.nlm.nih.gov/pubmed/29079590
https://doi.org/10.1097/BOR.0000000000000535
https://www.ncbi.nlm.nih.gov/pubmed/29965856
https://doi.org/10.2478/rir-2022-0001
https://www.ncbi.nlm.nih.gov/pubmed/36467022
https://doi.org/10.1016/j.berh.2022.101767
https://www.ncbi.nlm.nih.gov/pubmed/35810122
https://doi.org/10.1136/annrheumdis-2018-213153


Diagnostics 2023, 13, 3080 12 of 13

10. Mahler, M.; Vulsteke, J.-B.; Bossuyt, X.; De Langhe, E.; Satoh, M. Standardisation of myositis-specific antibodies: Where are we
today? Ann. Rheum. Dis. 2021, 80, e132. [CrossRef]

11. Choi, M.Y.; Satoh, M.; Fritzler, M.J. Update on autoantibodies and related biomarkers in autoimmune inflammatory myopathies.
Curr. Opin. Rheumatol. 2023, epub ahead of print. [CrossRef]

12. Mariampillai, K.; Granger, B.; Amelin, D.; Guiguet, M.; Hachulla, E.; Maurier, F.; Meyer, A.; Tohmé, A.; Charuel, J.-L.; Musset, L.;
et al. Development of a New Classification System for Idiopathic Inflammatory Myopathies Based on Clinical Manifestations and
Myositis-Specific Autoantibodies. JAMA Neurol. 2018, 75, 1528–1537. [CrossRef]

13. Ghirardello, A.; Bassi, N.; Palma, L.; Borella, E.; Domeneghetti, M.; Punzi, L.; Doria, A. Autoantibodies in Polymyositis and
Dermatomyositis. Curr. Rheumatol. Rep. 2013, 15, 335. [CrossRef] [PubMed]

14. Ghirardello, A.; Borella, E.; Beggio, M.; Franceschini, F.; Fredi, M.; Doria, A. Myositis autoantibodies and clinical phenotypes.
Autoimmun. Highlights 2014, 5, 69–75. [CrossRef] [PubMed]

15. Iaccarino, L.; Ghirardello, A.; Bettio, S.; Zen, M.; Gatto, M.; Punzi, L.; Doria, A. The clinical features, diagnosis and classification
of dermatomyositis. J. Autoimmun. 2014, 48–49, 122–127. [CrossRef]

16. Fredi, M.; Cavazzana, I.; Franceschini, F. The clinico-serological spectrum of overlap myositis. Curr. Opin. Rheumatol. 2018, 30,
637–643. [CrossRef]

17. Fuzzi, E.; Gatto, M.; Zen, M.; Franco, C.; Zanatta, E.; Ghirardello, A.; Doria, A. Anti-MDA5 dermatomyositis: An update from
bench to bedside. Curr. Opin. Rheumatol. 2022, 34, 365–373. [CrossRef] [PubMed]

18. Iaccarino, L.; Gatto, M.; Bettio, S.; Caso, F.; Rampudda, M.; Zen, M.; Ghirardello, A.; Punzi, L.; Doria, A. Overlap connective tissue
disease syndromes. Autoimmun. Rev. 2013, 12, 363–373. [CrossRef]

19. Nalotto, L.; Iaccarino, L.; Zen, M.; Gatto, M.; Borella, E.; Domenighetti, M.; Punzi, L.; Doria, A. Rituximab in refractory idiopathic
inflammatory myopathies and antisynthetase syndrome: Personal experience and review of the literature. Immunol. Res. 2013, 56,
362–370. [CrossRef]

20. Atzeni, F.; Sarziputtini, P.; Doria, A.; Iaccarino, L.; Capsoni, F. Potential off-label use of infliximab in autoimmune and non-
autoimmune diseases: A review. Autoimmun. Rev. 2005, 4, 144–152. [CrossRef]

21. Muro, Y.; Yamashita, Y.; Koizumi, H.; Ogawa-Momohara, M.; Takeichi, T.; Mitsuma, T.; Akiyama, M. Two novel anti-aminoacyl
tRNA synthetase antibodies: Autoantibodies against cysteinyl-tRNA synthetase and valyl-tRNA synthetase. Autoimmun. Rev.
2022, 21, 103204. [CrossRef]

22. Fritzler, M.J.; Bentow, C.; Satoh, M.; McHugh, N.; Ghirardello, A.; Mahler, M. Deciphering the Autoantibody Response to the OJ
Antigenic Complex. Diagnostics 2023, 13, 156. [CrossRef]

23. Vulsteke, J.-B.; Derua, R.; Dubucquoi, S.; Coutant, F.; Sanges, S.; Goncalves, D.; Wuyts, G.; De Haes, P.; Blockmans, D.; Wuyts,
W.A.; et al. Mass spectrometry-based identification of new anti-Ly and known antisynthetase autoantibodies. Ann. Rheum. Dis.
2023, 2, 546–555. [CrossRef]

24. Vulsteke, J.-B.; Satoh, M.; Malyavantham, K.; Bossuyt, X.; De Langhe, E.; Mahler, M. Anti-OJ autoantibodies: Rare or underde-
tected? Autoimmun. Rev. 2019, 18, 658–664. [CrossRef] [PubMed]

25. Ghirardello, A.; Rampudda, M.; Ekholm, L.; Bassi, N.; Tarricone, E.; Zampieri, S.; Zen, M.; Vattemi, G.A.; Lundberg, I.E.; Doria, A.
Diagnostic performance and validation of autoantibody testing in myositis by a commercial line blot assay. Rheumatology 2010, 49,
2370–2374. [CrossRef]

26. Ghirardello, A.; Bettio, S.; Bassi, N.; Gatto, M.; Beggio, M.; Lundberg, I.; Vattemi, G.; Iaccarino, L.; Punzi, L.; Doria, A.
Autoantibody testing in patients with myositis: Clinical accuracy of a multiparametric line immunoassay. Clin. Exp. Rheumatol.
2017, 35, 176–177. [PubMed]

27. Cavazzana, I.; Richards, M.; Bentow, C.; Seaman, A.; Fredi, M.; Giudizi, M.; Palterer, B.; Pratesi, F.; Migliorini, P.; Franceschini,
F.; et al. Evaluation of a novel particle-based assay for detection of autoantibodies in idiopathic inflammatory myopathies. J.
Immunol. Methods 2019, 474, 112661. [CrossRef]

28. Mahler, M.; Malyavantham, K.; Seaman, A.; Bentow, C.; Anunciacion-Llunell, A.; Sanz-Martínez, M.T.; Viñas-Gimenez, L.;
Selva-O’callaghan, A. Profiling of Myositis Specific Antibodies and Composite Scores as an Aid in the Differential Diagnosis of
Autoimmune Myopathies. Diagnostics 2021, 11, 2246. [CrossRef]

29. Vulsteke, J.-B.; De Langhe, E.; Claeys, K.G.; Dillaerts, D.; Poesen, K.; Lenaerts, J.; Westhovens, R.; Van Damme, P.; Blockmans, D.;
De Haes, P.; et al. Detection of myositis-specific antibodies. Ann. Rheum. Dis. 2019, 78, e7. [CrossRef] [PubMed]

30. Bonroy, C.; Piette, Y.; Allenbach, Y.; Bossuyt, X.; Damoiseaux, J. Positioning of myositis-specific and associated autoantibody
(MSA/MAA) testing in disease criteria and routine diagnostic work-up. J. Transl. Autoimmun. 2022, 5, 100148. [CrossRef]

31. Connors, G.R.; Christopher-Stine, L.; Oddis, C.V.; Danoff, S.K. Interstitial lung disease associated with the idiopathic inflammatory
myopathies: What progress has been made in the past 35 years? Chest 2010, 138, 1464–1474. [CrossRef]

32. Solomon, J.; Swigris, J.J.; Brown, K.K. Myositis-related interstitial lung disease and antisynthetase syndrome. J. Bras. Pneumol.
2011, 37, 100–109. [CrossRef]

33. Vulsteke, J.-B.; De Langhe, E.; Mahler, M. Autoantibodies at the Center of (sub)Classification-Issues of Detection. JAMA Neurol.
2019, 76, 867–868. [CrossRef] [PubMed]

34. Damoiseaux, J.; Vulsteke, J.-B.; Tseng, C.-W.; Platteel, A.C.; Piette, Y.; Shovman, O.; Bonroy, C.; Hamann, D.; De Langhe, E.;
Musset, L.; et al. Autoantibodies in idiopathic inflammatory myopathies: Clinical associations and laboratory evaluation by
mono- and multispecific immunoassays. Autoimmun. Rev. 2019, 18, 293–305. [CrossRef]

https://doi.org/10.1136/annrheumdis-2019-216003
https://doi.org/10.1097/BOR.0000000000000957
https://doi.org/10.1001/jamaneurol.2018.2598
https://doi.org/10.1007/s11926-013-0335-1
https://www.ncbi.nlm.nih.gov/pubmed/23591825
https://doi.org/10.1007/s13317-014-0060-4
https://www.ncbi.nlm.nih.gov/pubmed/26000158
https://doi.org/10.1016/j.jaut.2013.11.005
https://doi.org/10.1097/BOR.0000000000000536
https://doi.org/10.1097/BOR.0000000000000908
https://www.ncbi.nlm.nih.gov/pubmed/36094462
https://doi.org/10.1016/j.autrev.2012.06.004
https://doi.org/10.1007/s12026-013-8408-9
https://doi.org/10.1016/j.autrev.2004.08.004
https://doi.org/10.1016/j.autrev.2022.103204
https://doi.org/10.3390/diagnostics13010156
https://doi.org/10.1136/ard-2022-222686
https://doi.org/10.1016/j.autrev.2019.05.002
https://www.ncbi.nlm.nih.gov/pubmed/31059843
https://doi.org/10.1093/rheumatology/keq281
https://www.ncbi.nlm.nih.gov/pubmed/27749219
https://doi.org/10.1016/j.jim.2019.112661
https://doi.org/10.3390/diagnostics11122246
https://doi.org/10.1136/annrheumdis-2017-212915
https://www.ncbi.nlm.nih.gov/pubmed/29371203
https://doi.org/10.1016/j.jtauto.2022.100148
https://doi.org/10.1378/chest.10-0180
https://doi.org/10.1590/S1806-37132011000100015
https://doi.org/10.1001/jamaneurol.2019.0440
https://www.ncbi.nlm.nih.gov/pubmed/30933251
https://doi.org/10.1016/j.autrev.2018.10.004


Diagnostics 2023, 13, 3080 13 of 13

35. Bizzaro, N.; Villalta, D.; Bini, V.; Migliorini, P.; Franceschini, F.; Piantoni, S.; Garrafa, E.; Riccieri, V.; Fioravanti, A.; Bellisai, F.; et al.
Multiparametric autoantibody analysis: A new paradigm for the diagnosis of connective tissue diseases. Arthritis Res. Ther. 2022,
24, 278. [CrossRef]

36. Decker, P.; Moulinet, T.; Pontille, F.; Cravat, M.; Bittencourt, M.D.C.; Jaussaud, R. An updated review of anti-Ro52 (TRIM21)
antibodies impact in connective tissue diseases clinical management. Autoimmun. Rev. 2022, 21, 103013. [CrossRef] [PubMed]

37. Xing, X.; Li, A.; Li, C. Anti-Ro52 antibody is an independent risk factor for interstitial lung disease in dermatomyositis. Respir.
Med. 2020, 172, 106134. [CrossRef] [PubMed]

38. Zanatta, E.; Cocconcelli, E.; Castelli, G.; Giraudo, C.; Fraia, A.S.; De Zorzi, E.; Gatto, M.; Ienna, L.; Treppo, E.; Malandrino, D.; et al.
Interstitial lung disease with and without progressive fibrosing phenotype in patients with idiopathic inflammatory myopathies:
Data from a large multicentric cohort. RMD Open 2023, 9, e003121. [CrossRef]

39. Vojinovic, T.; Cavazzana, I.; Ceruti, P.; Fredi, M.; Modina, D.; Berlendis, M.; Franceschini, F. Predictive Features and Clinical
Presentation of Interstitial Lung Disease in Inflammatory Myositis. Clin. Rev. Allergy Immunol. 2021, 60, 87–94. [CrossRef]

40. Allenbach, Y.; Benveniste, O.; Stenzel, W.; Boyer, O. Immune-mediated necrotizing myopathy: Clinical features and pathogenesis.
Nat. Rev. Rheumatol. 2020, 16, 689–701. [CrossRef]

41. Musset, L.; Miyara, M.; Benveniste, O.; Charuel, J.-L.; Shikhman, A.; Boyer, O.; Fowler, R.; Mammen, A.; Phillips, J.; Mahler, M.
Analysis of Autoantibodies to 3-Hydroxy-3-methylglutaryl-coenzyme A Reductase Using Different Technologies. J. Immunol. Res.
2014, 2014, 405956. [CrossRef] [PubMed]

42. Musset, L.; Allenbach, Y.; Benveniste, O.; Boyer, O.; Bossuyt, X.; Bentow, C.; Phillips, J.; Mammen, A.; Van Damme, P.; Westhovens,
R.; et al. Anti-HMGCR antibodies as a biomarker for immune-mediated necrotizing myopathies: A history of statins and
experience from a large international multi-center study. Autoimmun. Rev. 2016, 15, 983–993. [CrossRef] [PubMed]

43. Jaskowski, T.D.; La’Ulu, S.L.; Mahler, M.; Tebo, A.E. Detection of autoantibodies to 3-hydroxy-3-methylglutaryl-coenzyme a
reductase by ELISA in a reference laboratory setting. Clin. Chim. Acta 2017, 472, 30–34. [CrossRef]

44. Shovman, O.; Gilburd, B.; Chayat, C.; Lazar, A.D.; Amital, H.; Blank, M.; Bentow, C.; Mahler, M.; Shoenfeld, Y. Anti-HMGCR
antibodies demonstrate high diagnostic value in the diagnosis of immune-mediated necrotizing myopathy following statin
exposure. Immunol. Res. 2017, 65, 276–281. [CrossRef]

45. Piette, Y.; De Sloovere, M.; Vandendriessche, S.; Dehoorne, J.; De Bleecker, J.L.; Van Praet, L.; Mijnsbrugge, A.-S.V.; De Schepper, S.;
Jacques, P.; De Keyser, F.; et al. Pitfalls in the detection of myositis specific antibodies by lineblot in clinically suspected idiopathic
inflammatory myopathy. Clin. Exp. Rheumatol. 2020, 38, 212–219. [CrossRef]

46. Li, L.; Liu, C.; Cheng, L.; Yan, S.; Chen, H.; Li, Y. Assessment of diagnostic utility, clinical phenotypic associations, and
prognostic significance of anti-NXP2 autoantibody in patients with idiopathic inflammatory myopathies: A systematic review
and meta-analysis. Clin. Rheumatol. 2020, 40, 819–832. [CrossRef]

47. Fredi, M.; Cavazzana, I.; Ceribelli, A.; Cavagna, L.; Barsotti, S.; Bartoloni, E.; Benucci, M.; De Stefano, L.; Doria, A.; Emmi, G.; et al.
An Italian Multicenter Study on Anti-NXP2 Antibodies: Clinical and Serological Associations. Clin. Rev. Allergy Immunol. 2022,
63, 240–250. [CrossRef] [PubMed]

48. To, F.; Ventín-Rodríguez, C.; Elkhalifa, S.; Lilleker, J.B.; Chinoy, H. Line blot immunoassays in idiopathic inflammatory myopathies:
Retrospective review of diagnostic accuracy and factors predicting true positive results. BMC Rheumatol. 2020, 4, 28. [CrossRef]
[PubMed]

49. Loarce-Martos, J.; Sanz, L.C.; Garrote-Corral, S.; González, R.B.; Rodríguez, R.P.; Rita, C.G.; García-Soidan, A.; Bachiller-Corral,
J.; Ariño, G.R. Myositis autoantibodies detected by line blot immunoassay: Clinical associations and correlation with antibody
signal intensity. Rheumatol. Int. 2023, 43, 1101–1109. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13075-022-02980-x
https://doi.org/10.1016/j.autrev.2021.103013
https://www.ncbi.nlm.nih.gov/pubmed/34896652
https://doi.org/10.1016/j.rmed.2020.106134
https://www.ncbi.nlm.nih.gov/pubmed/32905890
https://doi.org/10.1136/rmdopen-2023-003121
https://doi.org/10.1007/s12016-020-08814-5
https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1155/2014/405956
https://www.ncbi.nlm.nih.gov/pubmed/24741598
https://doi.org/10.1016/j.autrev.2016.07.023
https://www.ncbi.nlm.nih.gov/pubmed/27491568
https://doi.org/10.1016/j.cca.2017.07.011
https://doi.org/10.1007/s12026-016-8867-x
https://doi.org/10.55563/clinexprheumatol/3cuc1s
https://doi.org/10.1007/s10067-020-05291-1
https://doi.org/10.1007/s12016-021-08920-y
https://www.ncbi.nlm.nih.gov/pubmed/35092577
https://doi.org/10.1186/s41927-020-00132-9
https://www.ncbi.nlm.nih.gov/pubmed/32699830
https://doi.org/10.1007/s00296-023-05279-5

	Introduction 
	Materials and Methods 
	Patient Cohort 
	Autoantibody Testing 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

